
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
60

4 
26

5
B

1
*EP003604265B1*

(11) EP 3 604 265 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
20.10.2021 Bulletin 2021/42

(21) Application number: 18775322.3

(22) Date of filing: 19.03.2018

(51) Int Cl.:
C07C 51/43 (2006.01) C07C 61/08 (2006.01)

(86) International application number: 
PCT/JP2018/010784

(87) International publication number: 
WO 2018/180696 (04.10.2018 Gazette 2018/40)

(54) METHOD FOR PRODUCING CIS,CIS-1,2,4-CYCLOHEXANE TRICARBOXYLIC ACID CRYSTAL

VERFAHREN ZUR HERSTELLUNG VON 
CIS-,CIS-1,2,4-CYCLOHEXAN-TRICARBONSÄURE-KRISTALLEN

PROCÉDÉ DE PRODUCTION D’UN CRISTAL D’ACIDE CIS,CIS-1,2,4-CYCLOHEXANE 
TRICARBOXYLIQUE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 29.03.2017 JP 2017065918

(43) Date of publication of application: 
05.02.2020 Bulletin 2020/06

(73) Proprietor: Mitsubishi Gas Chemical Company, 
Inc.
Tokyo 100-8324 (JP)

(72) Inventors:  
• SAITO, Shinya

Kurashiki-shi
Okayama 712-8525 (JP)

• KUMANO, Tatsuyuki
Kurashiki-shi
Okayama 712-8525 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(56) References cited:  
JP-A- 2013 056 856 US-A- 5 412 108

• ISODA, SUMIRO et al.: "Medicinal chemical 
studies on antiplasmin drugs. VIII. 4-aminomethy 
lcyclohexanecarboxylic acid derivatives having 
a carboxyl or carboxymethyl group at C2", 
Chemical & Pharmaceutical Bulletin, vol. 28, no. 
8, 1980, pages 2337-2346, XP002309738,

• OMICHI, YUJI et al.: "Optical Resolution of 
DL-Mandelic Acid by Preferential Crystallization 
Procedure", Journal of the Chemical Society of 
Japan, January 1979 (1979-01), pages 1092-1096, 
XP055624842,

• NOHIRA, HIROYUKI: "Optical Resolution of 
Organic Compounds by Means of Crystallization 
and Their Applications", Journal of Synthetic 
Organic Chemistry, vol. 50, no. 1, 1 January 1992 
(1992-01-01), pages 14-23, XP055624851, Japan 
DOI: 10.5059/yukigoseikyokaishi.50.14

• OKAMOTO, YOSHIO et al.: "Resolution of 
Enantiomers", Chemistry & education, vol. 43, 
no. 11, 1995, pages 695-699, XP009516293, DOI: 
10.20665/kakyoshi.43.11_695t



EP 3 604 265 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a method for producing cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals.

Background Art

[0002] cis,cis-1,2,4-Cyclohexanetricarboxylic anhydride is used as a starting material of resins for optical material and
electronic material applications and, for example, is increasingly used as a starting material of solder resists and polya-
mideimide resins.
[0003] As the starting material of the resins, cis,cis-1,2,4- cyclohexanetricarboxylic anhydride has free carboxy groups
and thus can impart acidic characteristics derived therefrom and can impart heat resistance and weather resistance
derived from the aliphatic ring.
[0004] cis,cis-1,2,4-Cyclohexanetricarboxylic anhydride is obtained by subjecting cis,cis-1,2,4-cyclohexanetricarbox-
ylic acid to a dehydration reaction in acetic acid and acetic anhydride.
[0005] An example of a common method for producing 1,2,4-cyclohexanetricarboxylic anhydride is a method involving
subjecting trimellitic acid to nuclear hydrogenation to give 1,2,4-cyclohexanetricarboxylic acid, purifying 1,2,4-cyclohex-
anetricarboxylic acid by crystal precipitation, and then carrying out a dehydration reaction.
[0006] As for the steps of subjecting trimellitic acid to nuclear hydrogenation to give 1,2,4-cyclohexanetricarboxylic
acid and purifying the resulting 1,2,4-cyclohexanetricarboxylic acid by crystal precipitation, for example, PTL1 discloses
that trimellitic acid is subjected to nuclear hydrogenation in a mixed solvent of water and tetrahydrofuran (THF) using a
transition metal catalyst, the resulting solution is concentrated and dried, and thereby yellowish white crystals are obtained.
Moreover, according to PTL1, the crystals are dissolved again in a mixed solution of THF and acetonitrile, and the
solution is then concentrated and cooled for crystal precipitation to give cis,cis-1,2,4-cyclohexanetricarboxylic acid.
[0007] PTL2 discloses a method for producing 1,2,4-cyclohexanetricarboxylic acid, wherein the step of subjecting
trimellitic acid to nuclear hydrogenation and the step of crystal precipitation are consistently carried out in water.

Citation List

Patent Literature

[0008]

PTL1: US 5412108 B
PTL2: JP 2009-57385 A

Summary of Invention

Technical Problem

[0009] In the method described in PTL1, THF used as a solvent produces an explosive peroxide when exposed to air
or oxygen, and is thus not suitably used in an industrial process. Also, in PTL1, when the method progresses from the
nuclear hydrogenation step to the crystal precipitation step, a solvent replacement from a nuclear hydrogenation reaction
solvent to a crystal precipitation solvent needs to be carried out, which increases the number of processes and is thus
not preferable as an industrial process.
[0010] Moreover, PTL1 is problematic in terms of being inefficient because the mass ratio of (the solvent/the charged
starting material) during the hydrogenation reaction and after concentration on crystal precipitation is high, and a large
amount of solvent is required.
[0011] The method of PTL2 is advantageous as an industrial process. Because, in PTL2, water is used as a solvent
in place of THF and acetonitrile used in PTL1, the solvent replacement is not required, and thus the method of PTL2
has fewer procedures than the method described in PTL1.
[0012] Also, the mass ratio of (the solvent/the charged starting material) during the hydrogenation reaction and the
mass ratio of (the solvent/the charged starting material) after concentration on crystal precipitation are both lower than
those of PTL1. Thus, the amount of the solvent used is small, and the method of PTL2 is efficient.
[0013] However, obtaining high purity cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals from the nuclear hydrogen-
ation reaction solution of trimellitic acid is not taken into consideration.
[0014] An object of the present invention is to provide a method for producing cis,cis-1,2,4-cyclohexanetricarboxylic
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acid crystals, from which high purity cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals are obtained.

Solution to Problem

[0015] As a result of having conducted diligent research to solve the above problem, the present inventors found that
configuring the mass ratio of cis,cis-1,2,4-cyclohexanetricarboxylic acid to trans,trans-1,2,4-cyclohexanetetracarboxylic
acid in an aqueous starting material solution for crystal precipitation subjected to a crystal precipitation step to be within
a specific range improves the purity of the resulting cis,cis-1,2,4-cyclohexanetetracarboxylic acid crystals, and accom-
plished the present invention. The present invention provides [1] to [7] below.
[0016]

[1] A method for producing cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals, comprising the following steps:

Step 1: measuring a mass ratio (cis/trans ratio) of cis,cis-1,2,4-cyclohexanetricarboxylic acid to trans,trans-
1,2,4-cyclohexanetricarboxylic acid in an aqueous starting material solution comprising the cis,cis-1,2,4-cy-
clohexanetricarboxylic acid to give an aqueous starting material solution for crystal precipitation having a cis/trans
ratio of 10 or more (preferably 15 or more, more preferably 20 or more, and even more preferably 35 or more); and
Step 2: subjecting the aqueous starting material solution for crystal precipitation obtained in step 1 to crystal
precipitation.

[2] The method according to [1], wherein in step 2, the aqueous starting material solution for crystal precipitation is
concentrated, and a mass ratio of a solvent to a solute of the aqueous starting material solution for crystal precipitation
after being concentrated is 0.1 to 5 (preferably 0.3 to 3, more preferably 0.5 to 1.5, and even more preferably 0.8 to 1.3).
[3] The method according to [1] or [2], wherein the cis/trans ratio is 40 or more (preferably 45 or more).
[4] The method according to any one of [1] to [3], wherein the resulting cis,cis-1,2,4-cyclohexanetricarboxylic acid
crystals have a purity of 90% by mass or more (preferably 95% by mass or more, more preferably 98% by mass or
more, and even more preferably 99% by mass or more).
[5] The p method according to any one of [1] to [4], wherein a recovery rate of cis,cis-1,2,4-cyclohexanetricarboxylic
acid in step 2 is 60% by mass or more (preferably 65% by mass or more and more preferably 70% by mass or more).
[6] The method according to any one of [1] to [5], wherein seed crystals are added in step 2.
[7] The method according to [6], wherein the seed crystals are added in an amount of 0.01 to 40% by mass (preferably
0.1 to 30% by mass, more preferably 0.5 to 25% by mass, and even more preferably 1 to 20% by mass) based on
cis,cis-1,2,4-cyclohexanetricarboxylic acid contained in the aqueous starting material solution for crystal precipita-
tion.
[8] The method according to [6] or [7], wherein a temperature of the aqueous starting material solution for crystal
precipitation when the seed crystals are added is 1 to 60°C (preferably 5 to 55°C and more preferably 10 to 50°C).

Advantageous Effects of Invention

[0017] The present invention can provide a method for producing cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals,
from which high purity cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals are obtained.

Description of Embodiments

[0018] Below, the present invention will be described in reference to embodiments. In the following description, "A to
B" indicating a numerical range denotes "A or more and B or less" (in the case of A < B) or "A or less and B or more"
(in the case of A > B). That is, "A to B" denotes a numerical range including end points A and B.
[0019] Also, part by mass and % by mass are synonymous with part by weight and % by weight, respectively.
[0020] The method for producing cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals of the present invention comprises
the following steps:

Step 1: measuring a mass ratio (cis/trans ratio) of cis,cis-1,2,4-cyclohexanetricarboxylic acid to trans,trans-1,2,4-
cyclohexanetricarboxylic acid in an aqueous starting material solution comprising the cis,cis-1,2,4-cyclohexanetri-
carboxylic acid to give an aqueous starting material solution for crystal precipitation having a cis/trans ratio of 10 or
more; and
Step 2: subjecting the aqueous starting material solution for crystal precipitation obtained in step 1 to crystal pre-
cipitation.
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[0021] As described above, cis,cis-1,2,4-cyclohexanetricarboxylic anhydride (hereinafter also referred to as cis-H-
TMAn) is an important material of polyamideimide resins and solder resists. anhydride (cis-H-TMAn) is generally produced
by a method for obtaining cis,cis-1,2,4-cyclohexanetricarboxylic anhydride (cis-H-TMAn) involving subjecting the aro-
matic ring of trimellitic acid (TMA) to nuclear hydrogenation to give cis,cis-1,2,4-cyclohexanetricarboxylic acid (cis-H-
TMA), and then subjecting cis-H-TMA to a dehydration reaction.
[0022] Here, in the hydrogenation reaction of the aromatic ring of trimellitic acid (TMA), structural isomers such as
trans,trans-1,2,4-cyclohexanetricarboxylic acid (trans-H-TMA) and a by-product in which one carboxy group of 1,2,4-
cyclohexanetricarboxylic acid is replaced with a methyl group (4-methylcyclohexane-1,2-dicarboxylic anhydride: Me-
HHPA) are produced other than the intended cis,cis-1,2,4-cyclohexanetricarboxylic acid. Accordingly, in order to obtain
high purity cis-H-TMA, it is necessary that an aqueous starting material solution containing cis,cis-1,2,4-cyclohexanet-
ricarboxylic acid obtained after the hydrogenation of trimellitic acid (TMA) (hereinafter referred to as a TMA nuclear
hydrogenation reaction solution) is subjected to crystal precipitation to selectively obtain cis-H-TMA.
[0023] This time, the inventors found that when the aqueous starting material solution containing cis,cis-1,2,4-cy-
clohexanetricarboxylic acid obtained after the nuclear hydrogenation reaction of trimellitic acid is subjected to a crystal
precipitation step, measuring the mass ratio (hereinafter referred to as the cis/trans ratio) of the cis,cis-1,2,4-cyclohex-
anetricarboxylic acid isomer (cis-H-TMA) represented by formula (1) below to the trans,trans-1,2,4-cyclohexanetricar-
boxylic acid isomer (trans-H-TMA) represented by formula (2) below in the aqueous starting material solution to give an
aqueous starting material solution for crystal precipitation having a cis/trans ratio within a specific range and subjecting
this to crystal precipitation yield high purity cis-H-TMA crystals.
[0024] In the present invention, the purity of the resulting cis-H-TMA crystals is higher than the purity of cis-H-TMA in
the aqueous starting material solution for crystal precipitation. Although the details of the reason why such an effect is
obtained are not clear, part of the reason is inferred as follows.
[0025] That is, it is conjectured that, at the time of crystal precipitation of cis-H-TMA crystals, the use of an aqueous
starting material solution for crystal precipitation having a specific cis/trans ratio or higher enables cis-H-TMA crystals
having an extremely high purity to be obtained without allowing trans-H-TMA to be concomitantly present in the crystals.

[0026] The present invention will be described in detail below.

[Step 1]

[0027] In the method for producing cis-H-TMA crystals of the present invention, step 1 is the step of measuring the
cis/trans ratio in an aqueous starting material solution comprising cis-H-TMA to give an aqueous starting material solution
for crystal precipitation having a cis/trans ratio of 10 or more.

<Aqueous starting material solution>

[0028] In the present invention, the aqueous starting material solution is not particularly limited as long as it is an
aqueous solution containing cis-H-TMA, and is preferably a nuclear hydrogenation reaction solution of trimellitic acid,
which will be described below.
[0029] The aqueous starting material solution contains water as a solvent. The water content in the solvent is 50% by
mass or more, preferably 60% by mass or more, more preferably 80% by mass or more, and even more preferably 90%
by mass or more, and furthermore preferably the solvent is solely composed of water. Water is preferably ion-exchanged
water or distilled water. In the case where the resulting cis-H-TMA crystals are used in the electric and electronic fields,
water in which the content of metal components such as sodium, potassium, calcium, magnesium, and iron is as small
as possible is preferably used.
[0030] The aqueous starting material solution may further contain, in addition to water as a solvent, other solvents as
long as such solvents are miscible with water, and specific examples include acetic acid, propionic acid, dimethyl ether,
methyl ethyl ether, methyl acetate, ethyl acetate, propyl acetate, tetrahydrofuran, acetone, methyl ethyl ketone, ethylene
glycol dimethyl ether, diethylene glycol dimethyl ether, and triethylene glycol dimethyl ether.
[0031] An example of a method for subjecting trimellitic acid to a nuclear hydrogenation reaction is a method involving
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hydrogen (hydrogen molecules) as a hydrogen source and a noble metal catalyst as a catalyst.
[0032] More specific examples include a method in which trimellitic acid is hydrogenated at a hydrogen partial pressure
of 1 MPa or more in the presence of a catalyst containing a noble metal composed of rhodium or palladium or both in
a proportion of 0.5 to 10 parts by mass per 100 parts by mass of trimellitic acid as described in JP 2003-286222 A; and
a method in which a supported catalyst containing rhodium supported on a carbon carrier and a supported catalyst
containing palladium supported on a carbon carrier are used as catalysts, and the aromatic ring of an aromatic polycar-
boxylic acid is hydrogenated at a specific reaction hydrogen partial pressure at a specific reaction temperature in the
presence of the catalysts in specific amounts thereof as described in WO 2010/010869.
[0033] Another example is a method in which a catalyst containing a transition metal supported on a carbon carrier
having a specific surface area is used, and TMA is hydrogenated by hydrogen molecules under pressure and heat as
described in PTL1.
[0034] The cis-H-TMA content in the product of the nuclear hydrogenation reaction of trimellitic acid varies depending
on the catalyst used, the reaction temperature, and the like. In the present invention, it is preferable to select nuclear
hydrogenation reaction conditions having a large cis-H-TMA content and an excellent yield.
[0035] The trimellitic acid as a starting material is not particularly limited. A commercially available product may be
used, or a commercially available trimellitic anhydride may be used after hydrolysis.
[0036] In the present invention, the reaction solution of the nuclear hydrogenation reaction of trimellitic acid is preferably
used as an aqueous starting material solution after removing the catalyst by filtration. During separation by filtration, the
catalyst is preferably separated by filtration at a temperature similar to the reaction temperature.

<Aqueous starting material solution for crystal precipitation>

[0037] In step 1, the mass ratio (cis/trans ratio) of cis-H-TMA to trans-H-TMA in the aqueous starting material solution
containing cis-H-TMA obtained as described above is measured to give an aqueous starting material solution for crystal
precipitation having a cis/trans ratio of 10 or more.
[0038] Here, the method for measuring the cis/trans ratio in the aqueous starting material solution is not particularly
limited. An example is a method in which cis-H-TMA and trans-H-TMA in the aqueous starting material solution is
esterified and then analyzed by gas chromatography, and, specifically, the cis/trans ratio is measured by the method
described in the Examples.
[0039] In the present invention, the cis/trans ratio of the aqueous starting material solution for crystal precipitation is
10 or more. When the cis/trans ratio of the aqueous starting material solution for crystal precipitation is 10 or more, high
purity cis-H-TMA crystals are obtained.
[0040] The cis/trans ratio of the aqueous starting material solution for crystal precipitation is preferably 15 or more,
more preferably 20 or more, even more preferably 35 or more, further preferably 40 or more, and furthermore preferably
45 or more. A cis/trans ratio of the aqueous starting material solution for crystal precipitation of 40 or more results in a
particularly increased recovery rate of cis-H-TMA crystals and is thus preferable.
[0041] The upper limit of the cis/trans ratio of the aqueous starting material solution for crystal precipitation is not
particularly limited, and is preferably 1000 or less, more preferably 500 or less, even more preferably 80 or less, further
preferably 75 or less, and furthermore preferably 70 or less from the viewpoint of the ease of preparing the aqueous
starting material solution for crystal precipitation and from the viewpoint that the effect of further increasing the cis/trans
ratio is small.
[0042] When the measured cis/trans ratio of the aqueous starting material solution is less than 10, the cis/trans ratio
of the aqueous starting material solution is preferably configured to be 10 or more by adding cis-H-TMA such that the
cis/trans ratio is 10 or more. Also, an aqueous starting material solution having a cis/trans ratio of 10 or more may be
mixed with the aqueous starting material solution having cis/trans ratio of less than 10 so as to make a cis/trans ratio of
10 or more, and the method for configuring the cis/trans ratio to be 10 or more is not particularly limited.
[0043] Among these, a method involving adding cis-H-TMA is preferable because the cis/trans ratio can be easily
improved.
[0044] When the measured cis/trans ratio of the aqueous starting material solution is 10 or more, the aqueous starting
material solution may be used as-is as the aqueous starting material solution for crystal precipitation. Also, cis-H-TMA
may be added to the aqueous starting material solution to further increase the cis/trans ratio.
[0045] In the method for producing cis-H-TMA crystals of the present invention, in the case where the aqueous starting
material solution is obtained by the hydrogenation reaction of TMA, the cis/trans ratio is not necessary measured every
time if it is clear from the reaction condition settings that the cis/trans ratio is 10 or more, and step 2 may be suitably
carried out while omitting the measurement of the cis/trans ratio. Such an embodiment is also encompassed within the
scope of the present invention.
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[Step 2]

[0046] In the present invention, step 2 is the step (crystal precipitation step) of subjecting the aqueous starting material
solution for crystal precipitation obtained in step 1 to crystal precipitation.
[0047] In the crystal precipitation step, it is preferable that the aqueous starting material solution for crystal precipitation
is concentrated to prepare a concentrate and, further, the concentrate is cooled to precipitate crystals. It is preferable
to add seed crystals before cooling, during cooling, or after cooling the concentrate. These processes will be described
in detail below.

<Preparation of concentrate>

[0048] In the present invention, it is preferable that the aqueous starting material solution for crystal precipitation
obtained in step 1 is concentrated to prepare a concentrate. The concentration method is not particularly limited, and
the aqueous solution is concentrated by removing the solvent. Preferably, the aqueous starting material solution for
crystal precipitation is concentrated by heating to distill off the solvent in the aqueous starting material solution for crystal
precipitation.
[0049] The heating temperature (the temperature of the reaction solution) is not particularly limited, and is preferably
50 to 150°C, more preferably 80 to 140°C, and even more preferably 100 to 130°C.
[0050] The concentration is not particularly limited, and may be carried out under atmospheric pressure or reduced
pressure. When concentration is carried out (the solvent is distilled off) under reduced pressure, the pressure is preferably
30 to 450 hPa, more preferably 70 to 300 hPa, and even more preferably 100 to 200 hPa.
[0051] At the time of concentrating the aqueous solution, the aqueous solution is preferably concentrated while being
stirred from the viewpoint of suppressing temperature distribution in the concentrate and preventing bumping.
[0052] The stirring speed when the aqueous solution is concentrated is not particularly limited as long as the solution
is sufficiently stirred, and the stirring speed is preferably 50 rpm to 1000 rpm, more preferably 100 rpm to 800 rpm, and
even more preferably 200 rpm to 600 rpm.
[0053] In the aqueous starting material solution for crystal precipitation after being concentrated (hereinafter also
referred to as a "concentrate"), the mass ratio (the solvent/the total H-TMA, hereinafter also referred to as "SR") of the
solvent to the total H-TMA (H-TMA as a total of 4 isomers) is preferably 0.1 to 5, more preferably 0.3 to 3, even more
preferably 0.5 to 1.5, and further preferably 0.8 to 1.3. An SR within the above range is preferable because the recovery
rate in the crystal precipitation step is improved within an industrially practicable range.

<Cooling>

[0054] The concentrate having a desired SR is preferably cooled.
[0055] When the concentrate is prepared by heating, the cooling rate is preferably 1 to 40°C/h, more preferably 5 to
30°C/h, and even more preferably 10 to 20°C/h from the viewpoint of obtaining high purity cis-H-TMA or from the viewpoint
of efficiency and a batch cycle.
[0056] The concentrate is preferably cooled to 0 to 40°C, more preferably 3 to 30°C, and even more preferably 5 to
20°C. Cooling to the above temperature is preferable because precipitation of crystals is promoted, and the recovery
rate of cis-H-TMA crystals is improved.
[0057] The concentrate may be stirred while being cooled.
[0058] After being cooled, the concentrate is preferably retained at the cooling temperature for 0.5 to 72 hours, more
preferably for 1 to 48 hours, and even more preferably for 1.5 to 24 hours. The concentrate may be stirred while being
retained at the cooling temperature. Cooling the concentrate for the above retention time is preferable because precip-
itation of crystals is promoted, and the recovery rate of cis-H-TMA crystals is improved.
[0059] The stirring speed is not particularly limited as long as the liquid is sufficiently stirred during cooling and retaining,
and is preferably 50 rpm to 1000 rpm, more preferably 100 rpm to 800 rpm, and even more preferably 200 rpm to 600 rpm.

<Addition of seed crystals>

[0060] In the present invention, seed crystals are preferably added before cooling, during cooling, or after cooling.
The seed crystals are preferably added during cooling, and the temperature of the concentrate when the seed crystals
are added is preferably 1 to 60°C, more preferably 5 to 55°C, and even more preferably 10 to 50°C.
[0061] The seed crystals are preferably added in an amount of 0.01 to 40% by mass, more preferably 0.1 to 30% by
mass, even more preferably 0.5 to 25% by mass, and further preferably 1 to 20% by mass, based on the total H-TMA
contained in the aqueous starting material solution for crystal precipitation.
[0062] The seed crystals to be added may be cis-H-TMA crystals, and a seed crystal slurry may be added.
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[0063] The seed crystal slurry is a solution which includes even small amounts of cis-H-TMA crystals at 40°C. The
cis-H-TMA concentration in the seed crystal slurry is preferably 1 to 60% by mass, more preferably 5 to 50% by mass,
and even more preferably 10 to 45% by mass. Examples of the solvent of the seed crystal slurry are the same as those
of the solvent in the aqueous starting material solution. And the same solvent as the solvent of the aqueous starting
material solution is preferably used.
[0064] As will be described below, the mother liquor after step 2 may be used as a seed crystal slurry as-is, or a seed
crystal slurry obtained by further adding cis-H-TMA to the mother liquor may be used.
[0065] The recovery rate of cis-H-TMA in step 2 is preferably 60% by mass or more, more preferably 65% by mass
or more, and even more preferably 70% by mass or more.
[0066] By increasing the cis/trans ratio in the aqueous starting material solution for crystal precipitation, the recovery
rate of cis-H-TMA in step 2 can be improved, and as described above, the cis/trans ratio is particularly preferably 40 or
more from the viewpoint of improving the recovery rate of cis-H-TMA in step 2.
[0067] The recovery rate of cis-H-TMA in step 2 is measured by the method described in the Examples.

<Step of isolating cis,cis-1,2,4-cyclohexanetricarboxylic acid>

[0068] In the present invention, the method preferably has the step of isolating cis-H-TMA crystals (hereinafter also
simply referred to as an "isolation step") subsequent to step 2.
[0069] By separating the crystals (solids) precipitated in step 2 by filtration and, further, drying the solids that have
been separated by filtration, cis-H-TMA crystals can be isolated.
[0070] The mother liquor from which the crystals have been separated may be used as a mother liquor for a seed
crystal slurry. Whether the mother liquor should be used as a mother liquor for a seed crystal slurry or not is determined
according to the extent of impurity buildup in the system.

[cis,cis-1,2,4-Cyclohexanetetracarboxylic acid crystals]

[0071] The purity of cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals obtained by the production method of the
present invention is higher than the purity of cis-H-TMA in the aqueous starting material for crystal precipitation.
[0072] The purity of the resulting cis-H-TMA crystals is preferably 90% by mass or more, more preferably 95% by
mass or more, even more preferably 98% by mass or more, and further preferably 99% by mass or more. The purity of
cis-H-TMA is preferably high, and the upper limit is 100% by mass.
[0073] The purity of cis-H-TMA crystals is measured by the method described in the Examples.
[0074] The cis-H-TMA crystals obtained by the production method of the present invention have a high purity, moreover,
the recovery rate in step 2 (crystal precipitation step) in the production method of the present invention is high, and
therefore the production method of the present invention is industrially advantageous. Also, the resulting cis-H-TMA
crystals can be converted to cis,cis-1,2,4-cyclohexanetetracarboxylic anhydride (cis-H-TMAn) by a subsequent dehy-
dration reaction. cis-H-TMAn is useful as a starting material of polyamideimide resins and a starting material of solder
resists.
[0075] As described above, the production method of the present invention capable of providing high purity cis-H-TMA
crystals at a high recovery rate is extremely industrially advantageous.
[0076] Examples
[0077] The present invention will be described in more detail by way of Examples and Comparative Examples below,
but the present invention is not limited to these Examples.

[Measurement method]

(1) Measurement of H-TMA purity (trimethyl phosphate method)

[0078] The H-TMA purity in the resulting crystals was measured as follows.
[0079] Specifically, an aqueous solution containing the resulting crystals (concentration of 5 to 30% by mass) was
prepared, 0.60 g of the solution was placed in a test tube, then 3.0 g of triethylammonium chloride (manufactured by
Wako Pure Chemical Industries, Ltd.) and 10 ml of trimethyl phosphate (manufactured by Kishida Chemical Co., Ltd.)
were added, and the mixture was heated in a block heater at 180°C for 90 minutes to carry out an esterification treatment.
Thereafter, 0.10 g of triphenylmethane (manufactured by Tokyo Chemical Industry Co., Ltd.) was added as an internal
standard, the mixture was completely dissolved in 9 ml of chloroform, ion-exchanged water was further added to carry
out a liquid separation treatment, and the resulting chloroform solution was subjected to a gas chromatography analysis.
The H-TMA purity was calculated by the internal standard method using triphenylmethane as an internal standard. Also,
the H-TMA purity in the starting material solution (concentration of 5 to 30% by mass) was calculated by the internal
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standard method in the same manner as the method for calculating the H-TMA purity in the crystals.

(Gas chromatography analysis conditions)

[0080]

Gas chromatography analyzer: 6890N (manufactured by Agilent Technologies, Inc.)
Capillary column: DB-1 (manufactured by Agilent Technologies, Inc.) Injection temperature: 300°C
Detection temperature: 290°C
Initial column temperature, retention time: 160°C, 20 min
Heating rate: 10°C/min
Final column temperature, retention time: 280°C, 15 min
Carrier gas: Helium
Carrier gas pressure: 33.1 kPa
Detector: FID

(2) Analysis of selectivity between cis-H-TMA form and trans-H-TMA form of cyclohexanetricarboxylic acid

[Pretreatment]

<Esterification conditions (BF3·MeOH method)>

[0081] First, 0.60 g of an aqueous starting material solution containing 1,2,4-cyclohexanetricarboxylic acid was placed
in a test tube, 10 ml of a boron trifluoride methanol solvent (manufactured by Tokyo Chemical Industry Co., Ltd.) was
added, and the mixture was heated for 6 minutes in a block heater at 150°C to carry out an esterification treatment. After
the reaction, 3 ml of chloroform was added, a liquid separation treatment was carried out in the order of water, a 0.5 N
aqueous sodium carbonate solution, and water, and the resulting chloroform solution was subjected to a gas chroma-
tography analysis. The selectivity (mass ratio) between cis-H-TMA and trans-H-TMA was calculated according to area
percentage.

[Gas chromatography analysis conditions]

[0082] The gas chromatography analysis conditions were the same as those in (1) Measurement of H-TMA purity above.

(Production Example 1: Preparation of H-TMA having high cis form purity)

[0083] First, 327 g of trimellitic anhydride (manufactured by Flint Hills Resources, LLC) and 2174 g of ion-exchanged
water were added to a 5 L SUS316L autoclave equipped with a stirrer, a thermocouple thermometer casing pipe, a
pressure gauge, two gas lines (inner diameter of 3 mm), and a vent line, heated at 90°C for 30 minutes to carry out
hydrolysis, and then charged into a reaction vessel.
[0084] Subsequently, a 5% by mass palladium-carbon supported catalyst PE type (manufactured by N.E. Chemcat
Corporation, obtained by drying a product wetted with water under 110°C and 8-hour conditions) in an amount of 78.5
g (1.2 parts by mass in terms of palladium metal based on 100 parts by mass of trimellitic acid (hereinafter also referred
to as "TMA")) and a 5% by mass rhodium-carbon supported catalyst (manufactured by N.E. Chemcat Corporation,
obtained by drying a product wetted with water under 110°C and 8-hour conditions) in an amount of 33.6 g (0.5 parts
by mass in terms of rhodium metal based on 100 parts by mass of TMA) were charged into the reaction vessel. The
Pd:Rh ratio (mass ratio) of the catalyst was 7:3.
[0085] While stirring the contents, the system was purged with 2.0 MPa of nitrogen gas twice, and then the system
was purged with 2.0 MPa of hydrogen gas once. At this time, the stirring speed was 700 rpm. The pressure was raised
to 3.0 MPa by hydrogen gas, and the reaction was started at a solution temperature of 30°C. The pressure was lowered
2 hours after the beginning of the reaction.
[0086] After the pressure was lowered, the reaction solution was discharged from the bottom of the autoclave by
nitrogen pressure. From this filtrate (crude reaction product) reaction solution, the catalyst was separated by filtration
using ADVANTEC 5B filter paper (JIS P 3801) to obtain a transparent nuclear hydrogenation reaction solution (aqueous
starting material solution).
[0087] The nuclear hydrogenation reaction solution was charged into a 4 L jacketed SUS316L autoclave equipped
with a stirrer, two thermocouple thermometer casing pipes, two heat exchangers, a starting material feeding line, and
an inspection hole to start concentration at a stirring speed of 200 rpm, and concentrated until the total H-TMA concen-
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tration reached 45.5% by mass.
[0088] After the temperature was lowered to 20°C, the slurry was discharged to carry out solid-liquid separation. The
resulting crystals were dried at 110°C for 8 hours in a drier to obtain crystals 1. The H-TMA purity (the purity of 1,2,4-
cyclohexanetricarboxylic acid as a total of 4 isomers) in the crystals 1 was 97.0% by mass. As for the isomer proportions
in the crystals, the trans form was 0.1% by mass, and the cis form was 99.8% by mass. The cis-H-TMA purity in the
crystals was 97.0 3 0.998 = 96.8% by mass.

(Production Example 2: Preparation of H-TMA having high trans form purity)

[0089] 1,2,4-Cyclohexanetricarboxylic acid was charged into a four-neck flask equipped with a thermometer, a stirrer,
a condenser, and a temperature controller, and thermally melted at 250°C for 3 hours in a nitrogen gas stream to obtain
1,2,4-cyclohexanetricarboxylic acid 1,2-anhydride in the form of a pale yellow transparent liquid. The dehydration rate
in terms of the 1,2,4-cyclohexanetricarboxylic acid as a starting material was 95%.
[0090] In the liquid anhydride, trans,trans-1,2,4-cyclohexanetricarboxylic acid 1,2-anhydride was 56% by mass, and
cis,cis-1,2,4-cyclohexanetricarboxylic acid 1,2-anhydride was 44% by mass.
[0091] Then, 1000 g of the above liquid cyclohexanetricarboxylic anhydride and 3000 g of water were added to a 5 L
flask, and the mixture was stirred at 80°C for 1 hour. Thereafter, the reaction system was cooled to 25°C to precipitate
crystals. The crystals were subjected to suction filtration using a Buchner funnel and then vacuum-dried to obtain crystals
2. The H-TMA purity (the purity of 1,2,4-cyclohexanetricarboxylic acid as a total of 4 isomers) in the crystals 2 was 99.3%
by mass. As for the proportions of H-TMA isomers in the crystals (the proportions of the respective isomers in H-TMA),
the trans form was 97.2% by mass, and the cis form was 2.6% by mass. The trans-H-TMA purity in the crystals was
99.3 3 0.972 = 96.5% by mass.
[0092] Table 1 below shows details of the crystals 1 obtained in Production Example 1 and the crystals 2 obtained in
Production Example 2.

Example 1

[0093] First, 749.5 g of the crystals 1 obtained in Production Example 1, 8.2 g of the crystals 2 obtained in Production
Example 2, and 5000 g of pure water were charged into a 4 L jacketed SUS316L autoclave equipped with a stirrer, two
thermocouple thermometer casing pipes, two heat exchangers, a starting material feeding line, and an inspection hole,
and dissolved.
[0094] This solution was regarded as an aqueous starting material solution for crystal precipitation 1. The mass of
total H-TMA contained in the aqueous starting material solution for crystal precipitation 1 was 735.2 g (the mass of cis-
H-TMA was 725.8 g). The cis/trans ratio of the aqueous starting material solution for crystal precipitation 1 was 84.0.
[0095] The aqueous starting material solution for crystal precipitation 1 was thermally concentrated at a stirring speed
of 200 rpm, and the solution was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA
mass ratio = 1.2 (hereinafter also referred to as SR)). After concentration, 1615.8 g of a concentrate 1 was present in
the autoclave, and the temperature of the concentrate was 100°C. The concentration refers to the concentration of the
total H-TMA, and is calculated by Concentration (% by mass) = Total H-TMA (mass)/(Solute + Solvent) (mass) 3 100.
[0096] Next, the temperature of the concentrate 1 was lowered at 10°C/h while stirring the concentrate 1 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 147.2 g of seed crystals (142.5 g in terms of cis-H-TMA)
provided in advance were addedthrough the inspection hole. Thereafter, the temperature was further lowered to 20°C

Table 1

The crystals 1 (Production Example 
1)

The crystals 2 (Production Example 
2)

H-TMA purity (% by mass) 97.0 99.3

cis form isomer proportion (% by 
mass)

99.8 2.6

trans form isomer proportion (% by 
mass)

0.1 97.2

cis form purity (% by mass) in crystals 96.8 2.6

trans form purity (% by mass) in 
crystals

0.1 96.5
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at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0097] Thereafter, the slurry was recovered from the bottom of the reaction vessel and subjected to suction filtration
for 15 minutes with a Buchner funnel. The crystals were recovered with a spatula, and the resulting crystals were dried
in a drier at 110°C for 8 hours.
[0098] The recovered dry mass of the dried cis-H-TMA crystals was 675.3 g, and the recovery rate was 72.6% by
mass. The purity of H-TMA in the resulting crystals was 99.6% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
99.5% by mass, and thus the cis-H-TMA purity was 99.6 3 0.995 = 99.1% by mass.
[0099] The recovery rate was calculated by the following formula: 

[0100] The analysis results of the H-TMA crystals (recovered crystals) obtained in Example 1 are shown in Table 2.
[0101] The seed crystals used in Example 1, and Examples 2 to 6 and Comparative Examples 1 and 2 which will be
described below, were prepared as follows.
[0102] The nuclear hydrogenation reaction and crystal precipitation were carried out in the same manner as in Pro-
duction Example 1 except that a palladium-carbon supported catalyst PE type (manufactured by N.E. Chemcat Corpo-
ration, obtained by drying a product wetted with water under 110°C and 8-hour conditions) in an amount of 100.9 g (1.5
parts by mass in terms of palladium metal based on 100 parts by mass of TMA) and a 5% by mass rhodium-carbon
supported catalyst (manufactured by N.E. Chemcat Corporation, obtained by drying a product wetted with water under
110°C and 8-hour conditions) in an amount of 11.2 g (0.2 parts by mass in terms of rhodium metal based on 100 parts
by mass of TMA) were charged as hydrogenation catalysts for TMA (Pd:Rh (mass ratio) of the catalysts = 9:1) and,
further, solid-liquid separation and drying were carried out. The cis-H-TMA purity in the resulting crystals was 96.8% by
mass, and the resulting crystals were used as seed crystals in the Examples and the Comparative Examples.

Example 2

[0103] A solution obtained by dissolving 751.7 g of the crystals 1 obtained in Production Example 1 and 15.5 g of the
crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same autoclave as in Example 1 was regarded
as an aqueous starting material solution for crystal precipitation 2. The mass of total H-TMA contained in the aqueous
starting material solution for crystal precipitation 2 was 744.5 g (the mass of cis-H-TMA was 728.1 g). The cis/trans ratio
of the aqueous starting material solution for crystal precipitation 2 was 46.4.
[0104] The aqueous starting material solution for crystal precipitation 2 was concentrated at a stirring speed of 200
rpm until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2 (hereinafter also referred to
as SR)). After concentration, 1636.3 g of a concentrate 2 was present in the autoclave, and the temperature of the
concentrate was 100°C.
[0105] Next, the temperature of the concentrate 2 was lowered at 10°C/h while stirring the concentrate 2 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 147.2 g of seed crystals (142.5 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0106] Thereafter, the same operation as in Example 1 was carried out.
[0107] The recovered dry mass of the dried cis-H-TMA crystals was 669.7 g, and the recovery rate was 71.4% by
mass. The purity of H-TMA in the resulting crystals was 99.5% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
99.5% by mass, and thus the cis-H-TMA purity was 99.5 3 0.995 = 99.0% by mass.
[0108] The analysis results of the H-TMA crystals (recovered crystals) obtained in Example 2 are shown in Table 2.
[0109] The seed crystals used in Example 2 were the same as those used in Example 1.

Example 3

[0110] A solution obtained by dissolving 741.1 g of the crystals 1 obtained in Production Example 1 and 19.1 g of the
crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was regarded
as an aqueous starting material solution for crystal precipitation 3. The mass of total H-TMA contained in this aqueous
starting material solution for crystal precipitation was 737.8 g (the mass of cis-H-TMA was 717.9 g). The cis/trans ratio
of the aqueous starting material solution for crystal precipitation 3 was 37.5.
[0111] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
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precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1621.5 g of a concentrate 3 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0112] Next, the temperature of the concentrate 3 was lowered at 10°C/h while stirring the concentrate 3 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 147.6 g of seed crystals (142.9 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0113] Thereafter, the same operation as in Example 1 was carried out.
[0114] The recovered dry mass of the dried cis-H-TMA crystals was 625.3 g, and the recovery rate was 66.0% by
mass. The purity of H-TMA in the resulting crystals was 99.4% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
99.2% by mass, and thus the cis-H-TMA purity was 99.4 3 0.992 = 98.6% by mass.
[0115] The analysis results of the H-TMA crystals (recovered crystals) obtained in Example 3 are shown in Table 2.
[0116] The seed crystals used in Example 3 were the same as those used in Example 1.

Example 4

[0117] A solution obtained by dissolving 728.5 g of the crystals 1 obtained in Production Example 1 and 36.5 g of the
crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was regarded
as an aqueous starting material solution for crystal precipitation 4. The mass of total H-TMA contained in this aqueous
starting material solution for crystal precipitation was 742.9 g (the mass of cis-H-TMA was 706.2 g). The cis/trans ratio
of the aqueous starting material solution for crystal precipitation 4 was 19.7.
[0118] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1632.7 g of a concentrate 4 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0119] Next, the temperature of the concentrate 4 was lowered at 10°C/h while stirring the concentrate 4 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 148.1 g of seed crystals (143.4 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0120] Thereafter, the same operation as in Example 1 was carried out.
[0121] The recovered dry mass of the dried cis-H-TMA crystals was 611.5 g, and the recovery rate was 65.2% by
mass. The purity of H-TMA in the resulting crystals was 99.9% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
98.9% by mass, and thus the cis-H-TMA purity was 99.9 3 0.989 = 98.8% by mass.
[0122] The seed crystals used in Example 4 were the same as those used in Example 1.

Example 5

[0123] A solution obtained by dissolving 716.2 g of the crystals 1 obtained in Production Example 1 and 45.2 g of the
crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was regarded
as an aqueous starting material solution for crystal precipitation 5. The mass of total H-TMA contained in this aqueous
starting material solution for crystal precipitation was 739.6 g (the mass of cis-H-TMA was 694.5 g). The cis/trans ratio
of the aqueous starting material solution for crystal precipitation 5 was 15.7.
[0124] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1625.5 g of a concentrate 5 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0125] Next, the temperature of the concentrate 5 was lowered at 10°C/h while stirring the concentrate 5 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 147.6 g of seed crystals (142.9 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0126] Thereafter, the same operation as in Example 1 was carried out.
[0127] The recovered dry mass of the dried cis-H-TMA crystals was 661.7 g, and the recovery rate was 68.9% by
mass. The purity of H-TMA in the resulting crystals was 98.8% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
95.0% by mass, and thus the cis-H-TMA purity was 98.8 3 0.950 = 93.9% by mass.
[0128] The seed crystals used in Example 5 were the same as those used in Example 1.
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Example 6

[0129] A solution obtained by dissolving 699.7 g of the crystals 1 obtained in Production Example 1 and 63.7 g of the
crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was regarded
as an aqueous starting material solution for crystal precipitation 6. The mass of total H-TMA contained in this aqueous
starting material solution for crystal precipitation was 742.0 g (the mass of cis-H-TMA was 679.0 g). The cis/trans ratio
of the aqueous starting material solution for crystal precipitation 6 was 10.9.
[0130] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1630.8 g of a concentrate 6 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0131] Next, the temperature of the concentrate 6 was lowered at 10°C/h while stirring the concentrate 6 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 148.0 g of seed crystals (143.3 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0132] Thereafter, the same operation as in Example 1 was carried out.
[0133] The recovered dry mass of the dried cis-H-TMA crystals was 607.7 g, and the recovery rate was 61.5% by
mass. The purity of H-TMA in the resulting crystals was 99.0% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
93.2% by mass, and thus the cis-H-TMA purity was 99.0 3 0.932 = 92.3% by mass.
[0134] The seed crystals used in Example 6 were the same as those used in Example 1.

Comparative Example 1

[0135] A solution obtained by dissolving 619.7 g of the crystals 1 obtained in Production Example 1 and 128.9 g of
the crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was
regarded as an aqueous starting material solution for crystal precipitation 7. The mass of total H-TMA contained in this
aqueous starting material solution for crystal precipitation was 729.1 g (the mass of cis-H-TMA was 603.2 g). The cis/trans
ratio of the aqueous starting material solution for crystal precipitation 7 was 4.8.
[0136] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1602.4 g of a concentrate 7 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0137] Next, the temperature of the concentrate 7 was lowered at 10°C/h while stirring the concentrate 7 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 144.1 g of seed crystals (139.5 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0138] Thereafter, the same operation as in Example 1 was carried out.
[0139] The recovered dry mass of the dried cis-H-TMA crystals was 677.1 g, and the recovery rate was 67.7% by
mass. The purity of H-TMA in the resulting crystals was 99.2% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
81.6% by mass, and thus the cis-H-TMA purity was 99.2 3 0.816 = 80.9% by mass.
[0140] The seed crystals used in Comparative Example 1 were the same as those used in Example 1.

Comparative Example 2

[0141] A solution obtained by dissolving 516.3 g of the crystals 1 obtained in Production Example 1 and 210.7 g of
the crystals 2 obtained in Production Example 2 in 5000 g of pure water in the same manner as in Example 1 was
regarded as an aqueous starting material solution for crystal precipitation 8. The mass of total H-TMA contained in this
aqueous starting material solution for crystal precipitation was 710.0 g (the mass of cis-H-TMA was 505.2 g). The cis/trans
ratio of aqueous starting material solution for crystal precipitation 8 was 2.5.
[0142] Concentration was started at a stirring speed of 200 rpm, and the aqueous starting material solution for crystal
precipitation was concentrated until the concentration was 45.5% by mass (the solvent/total H-TMA mass ratio = 1.2
(hereinafter also referred to as SR)). After concentration, 1560.4 g of a concentrate 8 was present in the autoclave, and
the temperature of the concentrate was 100°C.
[0143] Next, the temperature of the concentrate 8 was lowered at 10°C/h while stirring the concentrate 8 at 576 rpm.
When the temperature of the concentrate reached 40.0°C, 141.4 g of seed crystals (136.9 g in terms of cis-H-TMA)
provided in advance were added through the inspection hole. Thereafter, the temperature was further lowered to 20°C
at 10°C/h, and stirring was continued at 20°C for 12 hours.
[0144] Thereafter, the same operation as in Example 1 was carried out.
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[0145] The recovered dry mass of the dried cis-H-TMA crystals was 640.1 g, and the recovery rate was 61.0% by
mass. The purity of H-TMA in the resulting crystals was 98.1% by mass, the cis-H-TMA selectivity (purity) in H-TMA was
70.9% by mass, and thus the cis-H-TMA purity was 98.1 3 0.709 = 69.6% by mass.
[0146] The seed crystals used in Comparative Example 2 were the same as those used in Example 1.

Industrial Applicability

[0147] As described above, high purity cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals can be obtained by the
production method of the present invention.
[0148] cis,cis-Cyclohexanetricarboxylic acid obtained by the present invention has high purity and is thus expected to
be used as a starting material of polyamideimides, epoxy resin curing agents, solder resists, and the like.

Claims

1. A method for producing cis,cis-1,2,4-cyclohexanetricarboxylic acid crystals, comprising the following steps:

Step 1: measuring a mass ratio (cis/trans ratio) of cis,cis-1,2,4-cyclohexanetricarboxylic acid to trans,trans-
1,2,4-cyclohexanetricarboxylic acid in an aqueous starting material solution comprising the cis,cis-1,2,4-cy-
clohexanetricarboxylic acid to give an aqueous starting material solution for crystal precipitation having a cis/trans
ratio of 10 or more; and
Step 2: subjecting the aqueous starting material solution for crystal precipitation obtained in step 1 to crystal

Table 2

Example Comparative 
Example

1 2 3 4 5 6 1 2

Starting 
material

The crystals 1 added 
(g)

749.5 751.7 741.1 728.5 716.2 699.7 619.7 516.3

The crystals 2 added 
(g)

8.2 15.5 19.1 36.5 45.2 63.7 128.9 210.7

H-TMA content (g) 735.2 744.5 737.8 742.9 739.6 742.0 729.1 710.0

cis form content (g) 725.8 728.1 717.9 706.2 694.5 679.0 603.2 505.2

trans form content (g) 8.6 15.7 19.2 35.9 44.3 62.2 125.0 203.9

cis/trans ratio 84.0 46.4 37.5 19.7 15.7 10.9 4.8 2.5

cis form purity (% by 
mass) in starting 
material

95.8 94.9 94.4 92.3 91.2 88.9 80.6 69.5

Seed 
crystal

cis-H-TMA (g) in seed 
crystal 142.5 142.5 142.9 143.4 142.9 143.3 139.5 136.9

Crystal

Dry mass (g) of 
recovered crystal 675.3 669.7 625.3 611.5 661.7 607.7 677.1 640.1

cis form purity (% by 
mass) in H-TMA 99.5 99.5 99.2 98.9 95.0 93.2 81.6 70.9

H-TMA purity (% by 
mass) 99.6 99.5 99.4 99.9 98.8 99.0 99.2 98.1

cis form purity (% by 
mass) 99.1 99.0 98.6 98.8 93.9 92.3 80.9 69.6

Recovery rate (% by 
mass) 72.6 71.4 66.0 65.2 68.9 61.5 67.7 61.0
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precipitation.

2. The method according to claim 1, wherein in step 2, the aqueous starting material solution for crystal precipitation
is concentrated, and a mass ratio of a solvent to a solute of the aqueous starting material solution for crystal
precipitation after being concentrated is 0.1 to 5.

3. The method according to claim 1 or 2, wherein the cis/trans ratio is 40 or more.

4. The method according to any one of claims 1 to 3, wherein the resulting cis,cis-1,2,4-cyclohexanetricarboxylic acid
crystals have a purity of 90% by mass or more.

5. The method according to any one of claims 1 to 4, wherein a recovery rate of cis,cis-1,2,4-cyclohexanetricarboxylic
acid in step 2 is 60% by mass or more.

6. The method according to any one of claims 1 to 5, wherein seed crystals are added in step 2.

7. The method according to claim 6, wherein the seed crystals are added in an amount of 0.01 to 40% by mass based
on cis,cis-1,2,4-cyclohexanetricarboxylic acid contained in the aqueous starting material solution for crystal precip-
itation.

8.  The method according to claim 6 or 7, wherein a temperature of the aqueous starting material solution for crystal
precipitation when the seed crystals are added is 1 to 60°C.

Patentansprüche

1. Verfahren zur Herstellung von cis,cis-1,2,4-Cyclohexantricarbonsäurekristallen, umfassend die folgenden schritte:

Schritt 1: Messen des Massenverhältnisses (cis/trans-Verhältnis) von cis,cis-1,2,4-Cyclohexantricarbonsäure
zu trans,trans-1,2,4-Cyclohexantricarbonsäure in einer die cis,cis-1,2,4-Cyclohexantricarbonsäure umfassen-
den wässrigen Ausgangsmateriallösung, um eine wässrige Ausgangsmateriallösung zur Kristallausfällung mit
einem cis/trans-Verhältnis von 10 oder größer zu erhalten; und
Schritt 2: Unterziehen der im Schritt 1 erhaltenen wässrigen Ausgangsmateriallösung zur Kristallausfällung
unter eine Kristallausfällung.

2. Verfahren gemäß Anspruch 1, worin im Schritt 2 die wässrige Ausgangsmateriallösung zur Kristallausfällung kon-
zentriert wird und ein Masseverhältnis eines Lösungsmittels zu einem gelösten Stoff in der wässrigen Ausgangs-
materiallösung zur Kristallausfällung, nachdem sie konzentriert worden ist, 0,1 bis 5 beträgt.

3. Verfahren gemäß Anspruch 1 oder 2, worin das cis/trans-Verhältnis 40 oder größer ist.

4. Verfahren gemäß irgendeinem der Ansprüche 1 bis 3, worin die resultierenden cis,cis-1,2,4-Cyclohexantricarbon-
säurekristalle eine Reinheit von 90 Masse-% oder größer aufweisen.

5. Verfahren gemäß irgendeinem der Ansprüche 1 bis 4, worin die Rückgewinnungsrate von cis,cis-1,2,4-Cyclohex-
antricarbonsäure im Schritt 2 60 Masse-% oder mehr beträgt.

6. Verfahren gemäß irgendeinem der Ansprüche 1 bis 5, worin im Schritt 2 Impfkristalle zugegeben werden.

7. Verfahren gemäß Anspruch 6, worin die Impfkristalle, bezogen auf die in der wässrigen Ausgangsmateriallösung
zur Kristallausfällung enthaltene cis,cis-1,2,4-Cyclohexantricarbonsäure, in einer Menge von 0,01 bis 40 Masse-%
zugegeben werden.

8. Verfahren gemäß Anspruch 6 oder 7, worin bei der Zugabe der Impfkristalle die Temperatur der wässrigen Aus-
gangsmateriallösung zur Kristallausfällung 1 bis 60°C beträgt.
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Revendications

1. Procédé de production de cristaux d’acide cis,cis-1,2,4-cyclohexanetricarboxylique, comprenant les étapes
suivantes :

Étape 1 : mesurer un rapport massique (rapport cis/trans) entre un acide cis,cis-1,2,4-cyclohexanetricarboxy-
lique et un acide trans,trans-1,2,4-cyclohexane-tricarboxylique dans une solution aqueuse de matière première
comprenant l’acide cis,cis-1,2,4-cyclohexanetricarboxylique pour donner une solution aqueuse de matière pre-
mière pour la précipitation de cristaux présentant un rapport cis/trans de 10 ou plus ; et
Étape 2 : soumettre la solution aqueuse de matière première pour la précipitation de cristaux obtenue à l’étape
1 à une précipitation de cristaux.

2. Procédé selon la revendication 1, dans lequel à l’étape 2, la solution aqueuse de matière première pour la précipitation
de cristaux est concentrée, et un rapport massique entre un solvant et un soluté de la solution aqueuse de matière
première pour la précipitation de cristaux après avoir été concentrée est de 0,1 à 5.

3. Procédé selon la revendication 1 ou 2, dans lequel le rapport cis/trans est de 40 ou plus.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel les cristaux d’acide cis,cis-1,2,4-cyclohexa-
netricarboxylique résultants présentent une pureté de 90 % en masse ou plus.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel un taux de récupération d’acide cis,cis-1,2,4-
cyclohexanetricarboxylique à l’étape 2 est de 60 % en masse ou plus.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel des germes cristallins sont ajoutés dans
l’étape 2.

7. Procédé selon la revendication 6, dans lequel les germes cristallins sont ajoutés en une quantité de 0,01 à 40 %
en masse sur la base de l’acide cis,cis-1,2,4-cyclohexanetricarboxylique contenu dans la solution aqueuse de
matière première pour la précipitation de cristaux.

8. Procédé selon la revendication 6 ou 7, dans lequel une température de la solution aqueuse de matière première
pour la précipitation de cristaux quand les germes cristallins sont ajoutés est de 1 à 60 °C.
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